Introduction

34
Due to the challenges related to greenhouse gas emissions, decreasing fossil fuel reserves and 35 global and national pressure, new solutions are sought to produce renewable energy including the 36 use of biomass for biofuel production. However, first generation biofuels (derived from agricultural 37 crops) are of questionable sustainability as they compete for land with food crops, thereby affecting 38 the global food security [1, 2] . Similarly, second generation biofuels, e.g. non-food energy crops 39 (e.g. vegetative grasses or short rotation forests), agricultural and forest residues, compete for land 40 use in some cases and there are technological difficulties related to the conversion processes [1] .
41
Third generation biofuels such as microalgae have the advantages that they can be produced all year 42 round, do not compete food production as they can be grown on non-arable land, have rapid growth 43 rates and the biochemical composition can be manipulated by varying cultivation conditions and 44 strains [1, 3] . The cultivation of microalgae for biofuel production can be economically viable when 45 3 coupled with wastewater treatment [3-6] which provides the water and nutrients (nitrogen and 46 phosphorous) required for growth [7] .
47
Conventional wastewater treatment has a high energy demand required mainly by the aeration 48 process whereby organic carbon present in wastewater is oxidized to CO2 and nitrification takes 49 place under long sludge ages [8] . This leads to the loss of the energy potential of the activated 50 sludge [9] together with the loss of nutrients (nitrogen and phosphorus) [8] . Short solids retention Bacterial-algal systems can be coupled with wastewater treatment, whereby nutrients and energy 55 can be recovered [3] . In a novel wastewater resource recovery approach, Valverde-Pérez et al. [11] 56 proposed an enhanced biological phosphorus recovery and removal (EBP2R) process, able to releasing intracellular phosphorus (poly-P) [12] . Under aerobic conditions the stored PHA are used 63 to produce energy for biomass growth as well as phosphorus uptake and storage [12] .Thus, the 64 effluent water after the solid-liquid separation after the anaerobic phase is rich in phosphorus, whilst 65 the effluent after the solid-liquid separation after the aerobic phase is rich in nitrogen. The short-
66
SRT EBP2R can provide optimal cultivation medium to a downstream photobioreactor (PBR) by 67 mixing the phosphorus and nitrogen rich effluent streams in an optimal ratio.
4
When microalgal cultivation is coupled with wastewater treatment the lipid content of the 69 microalgae is fairly low (4.9-11.3%) due to the relatively high nutrients supplied [3, 13] . It is 70 energetically favourable to apply anaerobic digestion when the lipid concentration is lower than 71 40% [14] . In addition, anaerobic digestion is applicable for biomasses with high moisture content
72
(80-90%), which makes it suitable for microalgal biomass conversion [1, 15] . Thus, anaerobic 73 digestion is the preferred route over biodiesel production when energy recovery is considered from 74 microalgae cultivated on wastewater resources [13] . The nutrient rich effluents of the anaerobic 75 digestion can be used for further cultivation of microalgae [1] . The same mixed green microalgal consortium was used in the two-step flocculation experiments.
132
The microalgal culture was grown on effluent water from a laboratory scale EBPR system [28] The settled biomass samples were collected after the two-step flocculation tests and kept at -20 °C The set up for the BMP assays was adapted from Angelidaki et al. [30] . Inoculum for the assay test Each time 50-100 μL sample was taken from the headspace using a pressure syringe and was
194
injected into the GC. 
Analytical methods and calculations
196
The optical density (OD) at 750 nm was measured in the initial algae suspension and in the bacterial 
217
The average methane yield and the standard deviation were calculated based on triplicate batch tests 218 conducted for each scenario. Each replicate was collected on a different day as the amount of 219 bacterial and algal biomass was not enough for more than one flocculation test.
220
We calculated the methane yield produced during the co-digestion of algae and bacteria based on individually and Cs and Ca is the mixing fraction of bacteria and algae in the co-digestion scenario.
225
These numbers were confronted with the measured methane yields of the co-digestion scenarios,
226
assessing the synergistic effect of co-digestion, and results are shown in section 3.3.
227
First-order kinetics is used to estimate the hydrolysis constant (kh) and the ultimate methane 228 production (B∞) based on Angelidaki et al. [30] and Ge et al. [36] :
where B is the methane produced at a given time.
231
Student´s t-tests were conducted, based on the triplicate samples, to compare the measured methane 232 yields for the different digestion scenarios, using SigmaPlot (USA). AlCl3 was effective for harvesting the microalgae, and dosing at 100 mg AlCl3/g algae resulted in a 236 recovery of 97% after 30 min settling time (Fig. 1a) . A different trend in the recovery was obtained 237 when using polymers. The optimum Greenfloc 120 dosing was 30 mg GF/g algae, yielding 84% 238 recovery, based on visual observations (Fig. 1a) . However, when a higher polymer concentration 239 was added to the suspension, the recovery decreased. This is the likely consequence of the PDADMAC an optimum recovery of 92% was found at the intermediary dose of ca. 27 mg 243 PDADMAC/g algae (Fig. 1a) . which may lead to algae restabilisation.
258
The optimum AlCl3 dosage would result in a cost of approximately 6000 EUR/ton algae harvested 259 (Fig. 1b) , whist the use of Greenfloc 120 and PDADMAC at an optimal dose would be 30 -60 260 times lower, about 100 and 900 EUR/ton algae, respectively (Fig. 1b) we considered addition of cationic polymer as coagulation aid to destabilise the microalgae before 277 the addition of bacterial biomass and to enhance the separation of microalgae.
278
Different concentrations of polymer addition were tested (Fig. 2a) . With increasing polymer polymer for the coagulation-flocculation can reduce the polymer dosing by 40% compared to the 287 scenario when only algae was flocculated with the cationic polymer, PDADMAC (Fig. 2b) .
288
Consequently, harvesting costs are reduced. The mixing ratio was fixed at 0.1 g algae/g bacterial biomass for most experiments. With increasing 291 algae-to-bacterial biomass ratio, maintaining the same polymer dosage (16 mg polymer/g algae), the 292 microalgal recovery decreased, on average, with more than 50% (Fig. 3) . This shows the 293 importance of assessing the optimum polymer dosing for the operational algal-to-bacterial biomass 294 mixing ratio. However, some deviation from the optimum ratio will not compromise the recovery as 295 we find similar recovery at 0.2 g algae/g bacterial biomass. However, microbial community was not monitored in this study. In addition, this effect can be 307 potentially compensated by the addition of the bacterial biomass as it can hinder the restabilisation 308 effect in the tested dosing range.
309
The settleability of the bacterial biomass varied in the EBPR system due to filamentous bulking, limited if bulking (high SVI) bacterial biomass is used (Fig. S3, SI) . Even though the separation of 315 the bacterial-algal biomass deteriorates, the recovery of microalgae is not affected by the increased 316 SVI of bacterial biomass (Fig. 4) . Thus the bacterial composition has no particular effect on the 317 microalgal recovery. Additionally, the commonly believed particle screening effect of filamentous The biomethane potential (BMP) obtained after 27 days of digestion of the microalgal biomass is 329 331±76 ml CH4/gVS (Fig. 5) The biomethane potential of the biomass removed after the aerobic phase is 363±68 ml CH4/gVS, 343 whereas, for biomass removed after the anaerobic phase is 449±17 ml CH4/gVS (Fig. 5 , Table 2 ).
344
The difference between these two digestion scenarios is not significant. Kuglarz et al. process.
355
The hydrolysis rate and the ultimate biomethane potential were estimated by fitting Eq. 3 on the 356 data obtained during the 27-day long digestion tests ( 
Conclusions
416
In this study we assessed an innovative bioflocculation method to harvest microalgal biomass and 417 evaluated the potential to produce methane through digestion and co-digestion of the recovered 418 microalgal biomass with bacterial biomass derived from an EBPR system. We found that:
419
• The cationic polymer (PDADMAC) proved to be a cost-efficient way to harvest microalgal 420 biomass resulting in 92% recovery with 27 mg polyelectrolyte/g algae dosing.
421
• An innovative bioflocculation method was introduced to separate microalgal biomass. Bacterial 
425
• The highest methane yield was found at 560±24 mlCH4/gVS when microalgae and 426 anaerobically harvested bacterial biomass were co-digested.
427
• The short-SRT EBPR process combined with microalgal cultivation can serve as an energy 
